=

'
A

il

"
bl

i
i 141]‘I ¥

&;.« 5

G

Mg s

e — D LN

DOCUMENT CONTROL DATA-R&D

Secueetr classiication of title, hody of abaftart und indesing snnolation wunt the entered wheo the averall tepart by cloussitied;

-

t- ONIGINA TING AC TIVITY (Corpocate author) LB HEVLOHRT SLCURITY [LASSIFIC A TION
«NAVAL MEDICAL RESFARCH INSTITUTE UHRCLASSIFIED
NATIONAL NAVAL MEDICAL CENTER 2 cuoue
BETREQDA. MARYLA\'D 20014

.\:_D BLOOD CFLL MOBILITY AND WHOLE BLOOD VISCOSITY CHANGES FOLLOWING THE ADHINISTRA-
TION OF INTRAVENOUS FAT

4. DESCRIPTIVE NOTES (Type of repert and, inclusive dates)
Medical research progress report

| SO Ios S NeORTS R =
3. AU THOR(S) (First neme, middie inltiel, last name)

Arnold G. CORAN, LCDR, MC, USRR and David L. HORWITZ, LCDR, MC, USKNR

~. .§8. REPORY DATE - 78. TOTAL NO. OF PAGES 75, NO. OF REFS
MARCE 1972 . _ [} 8
sa, cwfﬂley OR GRANTY NO. L A o.‘G'NC'O"‘ ATFPORT NUMBER(IS)
8. PROJECT NO. | . ’ MR041.20.01-0287, Report No. 40
h
. 0. OTHER AEDORT NOLS) (Any oier numbers hal mey bs seaignecd
thie repert) .
<

10. CISTRIDUTION STATEMENT

THIS DOCUMENT BAS BEEN APPROVED FOR PUBLIC RELEASE AND SALE; ITS DISTRIBUTION IS
UNLIMITED .

i e

. wvn.ﬁ:u::wuw WO TE3 12. SPONSOMING ANLITARY ACTIVITY
SURGERY St. Louis, VOL. 71, NO. 3, PAGES| BURFAU OF MEDICINE AND SURGERY (NAVY)
459-464 . WASHINGTON, D. C.

13. ASS I\ RACT

-Red blood cell mobility and whole blood viscosity were measured in 15 baboons
after the intravenous administration of heparin or Intralipid or both, Red cell
" mobility and whole blood viscosity did not change in the group given heparin.
The animals given fat or fat and heparin showed a decreage in ved cell mobility.
The whole ht'ood viscosity, howevet, decreagsed in the group given just fat and

heparin, The :lnplicationa 6f these findings to flow through the microcirculacion
and to the clinical use of Intralipid are discussed.

#

Raproduced by
’ - NATIONAL TECHNICAL
: . . : INFORMATION SERVICE

Springhald, Vo, 2235

.
" = - -~
£

pros—
' "
oy
3
S

TORM (RAGE 1) o
L ]
DD HOV u‘ 473

o e s WY S To e ww n % S anme as

$/M 0102-014.6700 st s

[

%
H
=
—%
=
=
3
==
=
=

b

ol

AR rradil

=

=
=
=
=
=3
B
=
=
=2
=2
=

=
=
:
=3
=




GwE M iy e

:.: ety —:;::3:;5%»’&%% b G

LR
=r = = AR

UNCLASSIFIED

Security Classification

4. " &Y WORDS LINK & LINK B LINK €
-~ mOLE wT noce w1 ROLE wr
Fat enulsions
Intravenous feeding
4 Mircocirculation .
Hyperlipemia ) .
Intralipid
Heparin alone )
Erythrocyte surface charge '
Electrophoretic mobility '
Free fatty acids
Total lipids . - .
Red cell mobilities 3
Blood viscosity
Red cell mobility
Red cell aggregation -
" . L}
4
& -
L]
]
.o >
DD .1 1473 = UNCLASSTFIED

SRR

r
u

i
"

R b o o sk R R S, i

e

.
bied

i A B KA et e




REL BLOOD CELL MOBILITY
AND WHOLE BLOOD VISCOSITY
CHANGES FOLLOWING THE
ADMINISTRATION OF
INTRAVENOUS AT

ARMNOLD 6, CORAN,
LILUGENAN G CoMMANDEE, MU, USNE
and
DAVED L. HORWITZ,

LAEC TENANT CodMMaNprr, MO, USXNR
Jethesda, M,

Froen (e tureiat of Medicine and Sirgery Nty
Pejuattiment

p—

AD 740924

Heprintel foen
SURGERY
Nt. Louis

Val. 71, No. 3, Pages 358460, Marneh, 1972

Copy rissht o 1972 by The G V. Masby Consgaand
sPrinted an the 17, 8, Ay

DISTRIBUTICN STATE 1

ATEMENT A

Approved for public releqse;

Bistribulion Unlimited

ivae

DDC
Bx?@:?ﬂmm

: |
n MAY 3 1572 I

S

C




ol

g oA ae o

=

Red blood cell mobility and whole blood

viscosity changes
following the
administration of
i.travenous fat*

he use of fat envalsions for intravenous
feeding has been widely adopted in recent
years, Since many of the patients receiving
these solutions may have significant abnor-
malities in the mircocirculation, secondary to
the underiying disease process (e.z.. septic
shiock, congestive heart failure, or other con.
ditions etc.), the effect of the intravenous
administration of fat on the microcirculation
directly ot on faciors that significantly influ-
ence the microcircnlation is of major impor-
tance. Merrill™ ® states that the rheological
properties of bloed are not significantly
altered by hyperlipemia; however, Kroeger
feele that hyperlipemia docs result in de-
creased blood flow through the capillacdies.
The present study was undertaken to cvatu-
ate the cffect of Intralipid,d a commercial
fat cmulsion, on twe rheological properties

of hlood.

MATERIALS AND METHODS

Fiftcen adult male baboons (Papio dogu-
crat, weighing between 21 and 28 kilo-

Reprint requests: Arnold G, Coan, MDD Children's
Usit, Lon Aneric County-USC Medical Center, 1129 N.
State St.. Lov Areeles, Calf. %0035,

The experiments 1eporied  herrin were  conducted  ac-
comdine to the principios set forth im Guide for Laberators
Animals Fecilities and Care prpared by the Committee
on thr Guule for Lalssatnry Animal Koources, Niz-
tional Academy of Sciencre—-National Resrarck Council,
Acrepted fr publication Sept. 14, 1971

TEhe opiuinm of xeettinns contained borein ate thewe of
the wathon and N0t te S comtrued @ official ot
reflecting the views of the Navy Departawent or of the
Naval Service at larcr.

tRecaick Tk No. MRODS.X.GLACRTATIHER,

2Vitrom Co., Stockbobs, Sweden,

Vol 71, No. 3, po. 459464

ARNOLD C. CORAN, LiEUuTENANT
Commanper, MC, USNR

DAVIG L. HORWITZ, LisuTENANT
Cosmanoer, MC_ USNR

BETHESDA, MD.

From the BExrcav of Medicine and Susgery

Nazy Departmentt

grams, were studied by dividing then into
three groups of five animals. The baboons
were fasted for cight to 12 hours prior {0 the
study. On the day of the esperimem, the
animals were anesthictized with 1-(1.phenyl-
cyclohexyl} piperidine hydrochloride (Serny.
lan}, 1.0 mg. per kilograim of body weight
intramuscularly, for inscrtion of catheters
into one femoral artery and vein. Each ani-
mal was then placed in a primate chair and
aliowed 10 awaken. Four hours after the
Scernylan injection, when the baboon was
fully awake, the experiment was begun, One
group received Intzalipid alone, one group
received heparin alone, and the third group
received both. The fat emulsion was given
intravenously over 20 seconds in a dose of
0.4 Go. per kilograw. The dose of Intraiipid
given 10 the first group was 988 = 1.6 ml
and the dose givens to the third group was
994 = 1.4 ml Likewise, heparin was given
the same way in a dose of 100 LU. per hilo-
gram of body weight. When Intmalipid and
heparin were hotls given, the heparin was
administered a few seconds before the fat
w5 administered.

Blood was withdrawn from the arnerinl
catheter prior 10 the injecilon of the fat ar
heparin or both and then at 3. 10, 15, 20,
30, 19, 50, 60, 70, 80. and 120 minutes after
the fat injection, The tlond was immediately
centrifuzed after it was allowed to clot for
five winutes. and the serum was removed
and drozen for subsequent analysis of free
fatty acids and total lipids. Free fatty acids
were analyred by the eolorimetric micro-
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INJECTION OF FAT EMULSOION

Fig, 1. The effeet of intrvenvus heparin at a dose
of 1684 LU per kilogram of body weight on serum
levels of free fatty acids and tote] lipids., The
values are exprossed as the mean T the standard
crror of the mean.,

meihod of MacKensie and colleagues.® ‘Total
lipids were mweasured by the colorimetric
metl od based on the sulfo-phospho-vanillin
reaction?

Iu addition, blood was  “*hdrawn ftom
the arterial catheter into hepasinized tubes
W zero, 15, and 70 minutes after the fa2 in-
jeetion for measurement of red blood cell
mobility and whole blood viscosity. Sepurate
plast viscosities were not measured. Electro.
phoretic mobility was determined in a com-
merzially avaitable  Northrup-Kunitz  cata-
phoresis apparatus?® similar te that described
by Abraeson and co-warhers? The time for
red cells to migrate 0.02 mm. in an electrical
potential gradient of 2.86 v. per centimeter
was determined for ten cells from each
sunple. All measurenments were made in a
room maintained at 25 = 1% C. The heparin.
ired blood uwd for the red cell mobility
measirements was diluted 1:100 in isotonic
phosphate-bulfered saline at pH 7.4, Previ-
ous studies in this Iaborory have shown
that the heparin concentrations used for
auticoagulation {10 LU. per millilitery do
nnt effect electrophoretic mobility,* Whole
bioed viscusities were measured in a cone.
piate microviscometert at shear rates of 1135
to 113 seet

Ervthroevte surface charge is related 0

*Anthur H, Thomue Co.. Philadelphia, Pa,
rrokfield Entireerine Laln | Inc.. Stouchton, Mam

Surgery
March 1972

Table L Serum free fatiy acids

f‘_‘, . Group

. | Intralipid
Time | Heparin { Intralipid !amlh(pcu'n
imin.) f (nEq/ml.) | (pEoiml.) i {pkg/ml.)

0.539 * 0.16
11301358
8,67 £ 248
9.62 ¢ 200
10492 262
1146 2 3.14
£.63*1.71
3562139
416t 1.16
3.2621.27
277 1.2
2332100

0 0.61 2 Q,26% 0712031
3 0712017 2822173
10 0752023 2202083
135 066023 4582188
i 6992019 4222148
30 1112040 389*1.99
40 112039 331 * 146
S0 096£039 5.41%+239
60 1032045 332188
70 1.442038 24842106
80 1.2820.73 493348
120 0762015  4.02% 508

SMean = SEM.

electrephioretic mobility by the equation
Q = 6 rn (¢/Exy 2 107

where Q is the charge in coulombs, 6= is »
proportionality fuctor from Stokes® law, r is
the radius of the red cell, n is the viscosity
of plasma, and (v/ExY is the slectrophoretic
wobility  (velocity ‘potential gradient). The
factor 107 is needed to convert the final
result 1o coulombs. The fornnula must be
considered an approximation as the factor
- is exact only for a sphere.

The mean, standand deviation. and stan-
dard crror weie calenlated for all data, and
stutisiical significance was determined with
Swudent’s t test and analvsis of varianee,

RESULTS

The group treated with heparin showed
ne significant changes in free fatty acids or
total lipids during the experiment (Fig. 1
and Tables T and I3, The animals given
Imralipid alon2 showed a rise in total lipids
within five minutes after injection of the fat
{(from a mean 2 SEM {standard crror of the
mean] of 331 2 32 myg. per 100 ml. to 880
% 69 mg. per 100 ml. p < 0.001% {Fig, 2).
This peak value begin to decrease over the
next hour and returned to a base-line level of
554 £ 12 {p > 005} 70 minutes after the
injection. The fatty acids immediately rose
five minutes after the injecton. reaehing a
peak valuc of 458 + 188 nEq per milliliter
{p < 0025 15 minutes after admiuistration
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Table IL Serum total lipids

f Group
l ¢ Iutealipid
Heparin | Inzralipid land heparin
Time | (mps otmed Y (mpd
imin g L 100ml) | 100ml) i 100 nels
0 350 % 30° 331 32 3320
5 0Lt oy 880 86 1095293
0 280t 48 w24+ 80 944t 71
id 21216 880X 69 LR35
20 312200 806 7R 915263
30 302225 734 81 K392 §4
40 275 7i1t 97 710 251
30 27115 666 56 113 Bk
60 M7 L0 604 9n EEARE
70 296215 EXE BB I I 471 * 64
40 374212 2402 107 062
120 26616 $H0: 9 KA1 ANY |

=Mean £ standard ervor of the mreca.

of the fat. Thix clevated level seturned o
baseline values at the end of two hours. The
injection of heparin along with Intralipid
vesulted in o significant initial rise in w4l
lipids from 332 2 30 myg. per 100 e, to 1,095
= 93 mg. per 100 ml. (Fig. 33, The lipids re-
turned to base-line level 50 minates after the
mjection. This initial rise in total lipids was
higher in the group given Intralipid and
heparin than in the group given Intralipid
alone {1,095 2 93 versus 880 = 86, but this
was not statistically significant (005 < p <
0.1 1, The fauy acids. likewise. rose immedi-
ately after injection of the heparin and fa
from 0.39 = 0.16 xEq per milliliter w0 1150
= 358 pEq (p < 0.02) and then bevan to
decline, reaching a base-line value of 2533 =
LI3 pEq per millifiter 2t the end of iwo
hours (p > .13, Once again. the fatty acid
elevation appeated sreater in this groun than
in the animals given only Intralipid (1130
2 358 versus 438 = 1881 : however, ihese
differences were not statisticallv siuniticant
{03 < p < Ol

Throughout the experiment, no changes in
hematoerit occurred in any of the wroups.
and thete were no significant ditferenees in
hemateerit sunony the three groups of aui-
mals. The preinjection red coll mobilities for
all three groups wete net statistically differ-
ent (085 2 (IR 5 prr second per volt per
centimeter for the heparin-treated  animais,

Changes follozcing intracenous fat adninistration 461
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MINUTES
BUECTION OF FAT EMULSION

Fig. 2 The eflact of intravenomly administered
far dIntralipids at a dose of 04 G per kilowmm
on serum levels of free fatty acids and total Jipids,
The valued are expressed as the wmesn * the stan-
dard esrer of the mean,
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H WTES
NCCTION OF FAT EMALSION

Fig, 3. The effect of intravenvudy administered
fat {Intralipid® ard heparin on serum fovels of
free fatty acids and total fipids. The values are
expressed as the mears T the standard error of the
mean.

0.56 = 0.0% for th~ group given Intralipid,
and 283 & 012 for the animals injected
with bhoth heparis and fate (Fable 111,
The anitals given heparin alone showed no
change in red celi mobility at 15 or 70 min.
utes after the hepoarin injection (Fig, 4, In
the Intralipid group, the red coll mobility
decreased from 0.76 £ 0.09 10 047 2 000
{(p < 005 15 winwes aftor the fat injee-
tion and then retumned to a base-line value
of 081 4+ 016 ip > 0.7+ after 70 minutes
The same patrern was seen in the aninmah
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MOBILITY (MICTI0H / SEC/ VOLT /CM)
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IMJECTION OF FAT EMLSION
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g [MPOLDE
&4 IMRipE ¢ Heperin

® o Heparw

Oe 0 3+20 30 40
THE (u)

Fig. 4. Changes in sed cell mobility {mean £ SEM] fellowing the injection of Intralipid.

NIRALIMD

INTRALIPID 4 HEPSRIN

HEPARIN

o—oltre wpctxr of

Fat Ersigon
130+ f‘, T T ar-aFiieen Mo
- - 1 By H oftes Inecter ¢
* far Emaivon
-y T
] HoR e # o o Sevety Mauter
Q l “ cher irgectior of
54 4 \ Fr Emcisor
b 4 Y
¥ 9ok - ‘\{
:
| =4
[ i
g ror k 1 \
o -t-k T
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§ i 11 i
5.0 4
H b3 by L 1 i 1 L X L 2
iHes 230 csu;. 3¢ I5e 5o Mo ASe 230 e tte

SHEAR RATE (Sec™!)

Fig. 3. Changes in whele blood siwosty fmean £ SEM) follewing the injection of Intralipid.

treated with both 7at and heparin. Fifteen
minutes after the injection, the mobility de-
creased to 047 = 013 (p < 0035 and then
returned to a base-line vaine of 0.56 + 0.12
{(p > 0.hh after 70 minutes. The whele
Ylood viwosity measurements were evaluated
statistically by analvsis of variance, Groups
of data shown to contain significant differ-
ences were further examined by Duncan’s
multiple range test to find those values sig-
nificantly  different from base-line  values®
Prior to injection of fat or heparin or hoth.

gy

iy

the whole blaod viscenity values of all thiee
sroups, at shear mtes varyving from 115 to
115 sec. ), were not significontly different
tFig. 3 and Tuble i1V, Likewise, the ani-
mah given only heparin showed no changes
in visvosity, at the varyving shear rates, 15
and 70 minutes after injection, Iy the Intra-
lipid group, a significant decrease in viscosity
was seen 15 minutes after the {at injection at
a shear mte of 115 we? The value de-
ceised from 978 ¢ 066 10 646 3 Q.07
tentepoise -p < 005 At 70 minutes, a
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Table 1L Red blood cell mobility

Clanges [ollowing intravencus fat administration 463

Table IV. Whole blood viscasity

i_. L Group %z* ] _ Group ] -_..

] j Intralipid ! | Intralipid

Heparin  § Introlipid land heparin Shear | Heparin | Intralipid land hepann
Time (B ser./ (uisee.tf fpisect rate i {cenies i (cente- E {cente-
(min.} :fem.} »Sem.) eSem,) {sec,- 1§ | poise } i poise; | pule)

0.85£008% 0562008 0854012
632014 0472009 047003
0622033 0812016 062002

FMean ¥ sandatd crior of the mean,

-
- e

significant decrease (p < 0.03 was soonat
shear rates of L3 and 23, On the ather
hund, the animals given fat and beparin
showed a signilicant rise in viscosity 13 min-
utes after injection and then a retuin to
hase-line viscosity values az 70 minutes. The
viseosity increased from 8.12 £ 0.96 to i3.72
= 2,63 cenepoisy at a shear rate of 105
we. P {p < 001, fiom 744 £ 057 10 11.82
= 183 ava shear rate of 23 . p < 0.01, and
from 7.26 + 052 10 103 3 130 at a shear
rate of 46 (p < 0.053 15 minutes after the
injection of Intralivid and heparin.

DISCUSSION

The decrease in red cell mohility 15 mén-
utes after the injection of fat alons or of fm
and heparin paralleled the peak rise in free
fatty acids and 1otal lipids. &t 70 minutes,
when the red cell mobility had returmed to 2
preinjection value, the free fatty acids and
total lipids had returned w0 base-tine levels.
The high levels of fatty acids, orvunting i3
ninutes after the fat injection, may in souwe
way alter the surface charge of the red o lf
and thereby Irad to dovreased 1ed cell mo-
bility. Red cell mobility is welated o rod el
aarfuce charee by the cquation given in the
welion on materials and wmetkods: there-
fore. a dectease in red cell nhilite would
contespond to o divrease i sirface charue,
A fall in red cell surface chare woald finvor
agerrgation of ted blood cells with subse
quent stasis atd  decreased flow  through
capillarics.® & = Horwits! observed o devrease
in red ool surface chavre in sepric shock Hut
uot in hemorrhagic sback. Therefore, the use
of ntravenous it during septic shock migin
ladd to further  corwaw in eapillary biood
flow.

Time
0 min,
115 10832 1.05*% 978 0.66 8122004

23 9382004 889088 TH4TONT
46 RUB 2032 8.09 ¢ 0,23 726+0.52
113 65652018 6357016 6162044
Time —
13 run,
117 1L 208 6462077 137222638
23 K089 6412074 11822188
16 7820582 630049 10541130
115 62352038 TSR B0
Time -
70 min.
115 B.25208F 6140040 H9510.
n 732004 344033 9RO
6 64320483 3.60°0.28  H642047
115 652029 S08:038 190047

“Mear + SEM.

The injection of fat alone led o 2 signifi-
cant decrense in whole blood viscosity .t 5
and 70 minutys ahwr the injeetion, whereas
the injection of Intmlipid and beparia te-
sufted i 5 oriee in wiseosity 13 minutes later
with o return 1o baseline values at 70 min-
utes. Thes tho oppasite tindings are ditlicsh
o explain. The total lipid values i oth
groups were esentially the same: whereas
at 13 minutes, the free fatty acids in the
andnah wiven It awd bepann were Bigher
than in thow siven st bt A 70 mingies.
both groujx had similar levels of free fatty
acids. Whether the higher level of fauy azids
in the aoup civen Iotralipid and hegann
coulil acconnt for the visosity differences is
pare vonievaar, Mol and collesguey
fouxi that the vield sheir stres rene thne
honets sfter a Loty meal bt retusned o nor-
mal six houn after the {at inoestinn, 5 o
titne when the senin wighveenide lev] was
at a maximam, They abe showed that tw
vield shear stress o these sbjeetc increased
warkedly ac the temperaturr wiag loazred,
In an earhier anticle, Merill conunented
that there werr po clearccut data sbowing
that Inpeilipemia Sffeeted the stheulony of
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blood, Kroeger,” utilizing the technique of
intravital micrepy, showed that the ad-
minisir o« a2 of the fat emalsion, Lipafundin,
led 16+ - cceased flow through the capillaries
of the piorreas and mesenteric agipose tis-
sue, Ligofundin, however, differs signifivantly
from Faralipid in that it is a cottonseed oil
emulsion with a soybean-uhasphatide as the
enwlsifer, waereas Inualipid is a soybean oil
emuldon with =n egy volk vhosphatide as the
smithiftes,
In concli on, on the ane hand, red eell
w ohiliiy decreased, whie' wauld sppear 1o
f~ wr pod ool aggrogntion nd vesult W de-
oo - apiitar, dow: ou the other laand.
el ead viscosity aumeiared to dectease
fa L infector bue inucased when bepa-
.. wis given i addition w the fat, The
clinical implications of these dota are pundy
specilative, and no assertion can be made as
10 whether Intsalipid s bepeficial or haradul
in patients with & compromised micracizenta-
tinn,

SUMMARY -

Red biocd cell mobility and whole blomi
yiwosity were mensured in 13 baboans after
the tntravenoas aduinistration of hepasin or
Intralipid o both, Red cell nwobility and
whole bivod viscosdty did not change in the
greuy given neparin, The animals given fat
or fat and hepanin showed 2 decrease in ned
coll mobifity. The whole bleod viscosity,
however, decreased in the gonp given just
fat but increased in the aninnls giver both
fat and heparin, The implications of these

Surpery
March 1972

findings 100 How through the microcireulavion
and to the clinical we of Intralipid are dis-
cussed,

The anthors acknowledge the technical assist-
ance of 2 L Magee and Mr. I Ewell and the
following Navy hanpital corpasuien: Horton, Volk.
er. Hawher, Dovalek, Spenner, Strohman, Mavtin-
son, Lane, Wot, Chester. Roubvton, Kins, Thuop-
won, Shoulders, and Rearly.
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